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Foundations, Goals, and Limits of Science 


by Thomas Burnett: 17-22 minutes 


Science and technology are powerful forces in our modern world. Innovations in 
transportation, communications, agriculture, and medicine have dramatically improved the 
quality of human life. On the other hand, science and technology have also made it 
possible to destroy life on an unprecedented scale through instruments of modern 
warfare. It’s no wonder then that science evokes a wide range of emotions—from praise 
and hope to fear and distrust. In addition to a wide array of applied technologies, science 
also has unique explanatory power: it has revealed the immense age of the universe, the 
history and development of life, and the delicate balance of our environment. Science 
inspires us and challenges us, and like it or not, it continues to shape our lifestyles and 
self-understanding. 


Given the diverse attitudes towards science in our country, it is important that we ask the 
question, “What exactly is science?” Does it give us absolutely certain knowledge? Is 
science truly objective and value-free? Does it eliminate purpose from the universe? Are 
there any limits to science? 


Defining Science 


What is science? Many authors have labored over this question, but the Spanish physicist 
and philosopher Mariano Artigas has offered a particularly insightful three-pronged 


definition: 
1. Science is a goal-directed activity towards the knowledge and control of nature 


As a goal-directed activity, science itself has purpose—it strives towards a more complete 
understanding of nature and the ability to modify it to serve human needs. These goals are 
understood to be valuable and worth the painstaking efforts necessary to achieve them. In 
these respects, science has values at its very core. 


2. Science is a well-defined method 


Another essential component of science is its method. Both Artigas and physicist lan 
Hutchinson maintain that the scientific method defines science itself. Hutchinson singles 
out two particular characteristics that distinguish it from other forms of intellectual 
inquiry.2 First, science relies upon experimental or natural evidence. Ideally, this evidence 
should be reproducible and thus subject to verification by other researchers. (Note: in 
some fields such as astronomy where one cannot actually reproduce events that take 


place many light-years away, one can make numerous observations as a basis of 
comparison. In disciplines such as the life sciences, biologists can rely on a multiplicity of 
specimens to approximate the need for reproducibility.) 


Second, besides requiring a particular kind of evidence, the scientific method also 
demands certain types of explanations. They should be mathematical, mechanical, 
measurable, or quantifiable in some way. For example, one can take measurements of 
mass, number, length, time, velocity, pressure, volume, or many other discrete units. The 
goal is to create unambiguous results that are capable of creating consensus among 
other researchers, and understandable by anyone else who carefully investigates the 
topic. 


3. Science is a body of knowledge 


In addition to being a goal-directed activity and a highly-specific method, science is also 
a body of knowledge. This knowledge is not just an assemblage of facts, but also 
theoretical constructs consisting of concepts, laws, and theories. Though scientific 
knowledge is constantly in flux, these discoveries and formulations are thought to reflect 
in some way the underlying reality of the universe. 


With these three dimensions of science firmly in mind, we have the basis for 


distinguishing science from non-science.? 


Philosophical Foundations of Science 


Despite its day-to-day reliance on empirical and measurable data, science rests on certain 
assumptions about knowledge itself that cannot be empirically proven. These basic 
premises are what allow us to ask scientific questions in the first place. While the lack of 
complete certainty is perceived by critics as a weakness, the dynamic nature of science is 


actually a great strength*—since scientific presuppositions are not set in stone, new 
discoveries produce feedback that enables us to reassess, and if necessary, modify our 


assumptions.° Furthermore, our understanding of natural phenomena can improve 
dramatically over time provided that we first accept that “understanding” is possible in 
principle. With that in mind, let's investigate some of the implicit premises that undergird 


the scientific enterprise and speak to the knowability of the world.® 
Realism 


Setting aside various nuances, realism basically maintains that there is a world that exists 
outside our minds. While this may seem self-evident, it is exceeding difficult, if not 
impossible, to demonstrate. Everything that we have ever experienced is mediated through 
our minds, and while we can imagine that an external world is stimulating our senses, the 
fact remains that we are still thinking about it. Plato and Descartes have famously 
wondered whether our lives are just a continuous dream, and in our own culture, the 


movie Inception explored this very same question. In a related way, the movie The 
Matrix invited us to consider whether our “reality” was just a computer simulation 
designed to placate us. 


Philosophers have debated this topic ad nauseum, but scientists, in order to do their work, 
must suppose that there actually is an external world—otherwise, they would only be 
chasing dreams and illusions. The challenge of science is to figure out what the universe 
contains and how it works, not whether it exists at all. 


Nature exhibits order and regularities 


Science relies on the premise that there is some underlying order the universe that we can 
discover and understand. If nature were to totally reshuffle every day, none of the 
experiments we conducted yesterday would be reliable today, and there would be little 
basis for making any judgments about past or future events. Therefore, scientists depend 
on some degree of regularity within the universe in order to carry out their goals—namely 
the search for consistent patterns, structure, and organization of the physical world. 


At the same time, science does not have a particular commitment to exactly what kind of 
order exists. Thus this presupposition is actually a flexible, accommodating principle that 
adapts to ongoing empirical research. Lest we think that modern discoveries have marred 
our conception of an ordered universe, even chaos theory and Heisenberg’s uncertainty 


principle have given rise to a better understanding about how nature is organized.’ 
Causality 


Another distinguishing characteristic of modern science is the premise that every event is 


caused by another event; things don't simply happen for no reason at all. When 


investigating various aspects of the natural world, scientists search for natural causes 


and natural explanations of those phenomena.? 


Though this approach may seem 
unnecessarily constrained, it has had great success in accounting for previously 
mysterious terrestrial events like lightning, earthquakes, and volcanic eruptions, as well as 
celestial phenomena like comets, eclipses, and supernovae. On the human level, scientific 
research led to the development of germ theory, which has led to effective treatments for 
numerous diseases that used to be deadly. These are compelling practical reasons to 
adopt a scientific approach to natural phenomena, rather than being resigned to fate or 


purely supernatural interpretations of our world. 
Natural laws regulate the universe 


If you accept the three basic premises that there is a world external to your senses, that 
nature exhibits consistent and unvarying order, and that causality is universal, it follows 
that one can formulate natural laws that effectively describe and predict many 
phenomena that we encounter. In fact, describing the behavior of matter through 


mathematics and statistics has been enormously successful at the small scale of physics 
and chemistry, and computational approaches hold great promise in many fields of 
biology. Natural laws also help explain events on the largest scales of astronomy and 
cosmology. 


On the other hand, human activities continue to vex us. It is notoriously difficult to predict 
political developments, economic fluctuations, and social movements. Some people think 
that this is due to fundamental uncertainties and vicissitudes of human behavior. Others 
think that it is “just a matter of time” before scientists uncover the laws that dictate our 
individual and collective decisions. 


Are naturals laws completely universal in time and space, absolutely certain and 
inviolable? Not necessarily—since empirical science only makes measurements at 
particular times and places, science itself cannot demonstrate that natural laws invariably 
apply to every event in the universe. Uncertainty is a central feature of the human 
condition, and not even science can eliminate it completely. 


It should now be evident that science does not proceed from completely provable 
foundations. However, its fundamental principles are not arbitrary or dogmatic. The 
practice of science itself enables us to revisit and modify our initial premises. As Mariano 
Aritgas puts it, “Scientific progress provides feedback on its presuppositions—it 
retrojustifies, enriches, and refines them.” Science may not give us the complete certainty 
that many humans seek, but it does provide us with profound and remarkably reliable 
insights into the physical world we inhabit. 


Ethical foundations 


We have just examined how science is grounded in a number of philosophical premises 
without which empirical research cannot proceed. But given how often we hear that 
science is purely objective and impartial, it may be surprising to learn that science also 
contains ethical premises. In fact, certain human values are intrinsic to the entire scientific 
enterprise. Research communities collectively embrace intellectual freedom, the right of 
dissent, cooperation, accurate communication of results, and personal responsibility for 


one’s claims.!9 When individual practitioners or institutions circumvent these values, great 
damage can occur not only to the progress of knowledge, but in certain fields like 


biomedicine, they can endanger human life." 


Science is not an activity carried out by uncaring automatons. It is a distinctly human 
endeavor conducted by those who believe that it is better to know than be deceived and 
that it is better to thrive than to suffer. Thus, to call science a strictly value-free and 
objective enterprise is a misnomer. Instead, it promotes distinct human values: the longing 
to understand the world that surrounds us, and the desire to improve and perpetuate 
human society. '2 13 


Unifying scientific knowledge 


The ability to connect and explain seemingly unrelated phenomena is a hallmark of 
modern science and one of the key ways by which we evaluate the strength of theories. 
For instance, up until the end of 16th century, European intellectuals considered the 
motion of the heavens to be utterly distinct from motion here on earth. Celestial objects 
such as planets and stars moved in circles and earthly objects moved in straight lines. 
This notion, which was inherited from the ancient Greeks, accorded well with our common 
sense. But visionaries such as Johannes Kepler, Galileo, and Isaac Newton proposed that 
there were a set of underlying physical laws that determined all the motion in the universe, 
regardless of where it took place. Though their claims seemed counter-intuitive, their laws 
of motion predicted observable phenomena much more accurately than ever before. 


A diagram of the apparent motion of the planets around the Earth, known as epicycles. 


Other great scientific advancements also unified disparate areas of knowledge. In the 19th 
century, James Maxwell developed a theory with astonishing explanatory power, 
encompassing the fields of electricity, magnetism, and optics. Electricity was a 
complicated phenomenon exhibited by lightning strikes, static shocks, and a few strange 
fish. Seemingly unrelated was magnetism, evidenced by a certain kind of rock known as 
lodestone which attracted pieces of iron and had the uncanny ability to act as a directional 
device (a property familiar to anyone who has used a compass). The third field of 
exploration was optics, the branch of physics that studies the properties of light. 
Maxwell's great achievement was to bring together all three of these fields through his 


electromagnetic theory of light. 14 


The effort to unify scientific knowledge continues unabated today. Physicists have been 
working towards unifying the four fundamental forces of nature: electromagnetism, the 
weak nuclear force, the strong nuclear force, and gravitation. In popular discourse this 
effort has been described as the “theory of everything.” Is this label merited? Will all 
knowledge eventually be unified by science? 


Theoretical physicist Lisa Randall of Harvard University thinks the label “theory of 
everything” is a great misnomer. Even if physicists were able to unify all four of the basic 
forces, it would still not constitute a complete theory of everything. Knowledge of all the 
underlying properties of matter and energy would not be sufficient to fully understand all 
phenomena in the world. Instead, Randall thinks that we need explanations at a variety of 


scales, not just the most fundamental. 1” That is why there are so many different scientific 


disciplines in existence today—and why they continue to multiply. 
Reaching Limits 


Though science has tremendous explanatory power and has expanded rapidly in the past 
several hundred years, it still has limits. In her book Knocking on Heaven's Door, Professor 
Randall cautions us against thinking that our scientific knowledge is absolutely certain: 


When scientists say we know something, we mean only that we have certain 
ideas and theories whose predictions have been well tested over a certain 
range of distances or energies. These ideas and theories are not necessarily 


the eternal laws for the ages or the most fundamental of physical laws.!® 


Though our understanding grows over time, we simply cannot measure every event in the 
universe at every moment. Scientific knowledge is reliable and well tested, but it is still 
contingent and subject to revision. 


Another way science is limited is through its disciplinary boundaries. Institutions of higher 
learning are organized by academic departments, and these different departments are 
generally grouped into categories such as natural sciences, social sciences, and 
humanities. Though the boundaries are not completely airtight, they help each discipline 
to focus on questions that are appropriate for their specific methodology. 


However, given the increasing role of interdisciplinary research and the rapid discoveries 
of science, some people believe that the methods of natural science should be extended 
to all phenomena, including those traditionally explored by the humanities and social 
sciences. Moreover, enthusiasts such as E.O. Wilson, author of the Pulitzer Prize-winning 
book On Human Nature, have suggested that natural science may eventually eclipse the 
humanities and social sciences altogether, making them superfluous. 


Though it seems appealing to have a single, unified approach to all topics of investigation, 
this approach ignores the possibility that the very reason why natural science is so 
powerful is that it avoids certain topics and restricts itself to particular domains. Questions 
of philosophy, history, theology, and the arts are often not amenable to strict quantification 
and reproducible testing. By imposing its methodology on these other areas, natural 
science could impoverish our understanding of the world rather than enrich it. In 
particular, science may not be well-equipped to answer certain questions related 
to purpose. 


A Purposeless Universe? 


Physicist Steven Weinberg is famous for saying, “The more the universe seems 
comprehensible, the more it also seems pointless.” But the fact is, when conducting 
scientific research, Weinberg and his colleagues aren't directly looking for purpose, they 


are investigating what the universe is made of and how it works.'® This is the quest for 
structure and function, two areas in which science excels. Ultimate purpose, if there is any, 
may not be reducible to such knowledge alone. 


On a smaller scale, we should not discount the fact that nearly all human activities, 
including science itself, are organized for specific purposes. But that raises the question, 
is there any purpose outside of human consciousness? Some scientists insist there is not. 
But are they justified in believing that in our incredibly vast cosmos, there is absolutely no 
other purpose than what we ourselves create? To take such a position implies a particular 


form of human uniqueness, a concept that many of these same scientists have usually 
been hesitant to embrace. 


Indeed, the quest to discover the ultimate purpose of the cosmos presupposes that there 
is some non-human agent with an intention for that object. Thus, this issue is intimately 
connected with whether or not there is a self-conscious “mind of the universe”, as the 
ancient stoic Seneca described, or the “maker of heaven and earth” that we Christians 
have affirmed in our earliest creeds. However, if such an agent can’t be sufficiently 
described by mathematics and/or material causes, then this subject is actually not a 


suitable target for scientific inquiry. 19 In looking for purpose, we are looking beyond the 
limits of science. 


Though humanity has a long, complicated, and contentious history, one characteristic that 
unites all societies is their longing to understand the world and their place within in. This 
quest has taken many forms: religious expression, literature, philosophy, art and science, 
all of which continue to thrive in our modern world. Some authors and popular figures 
depict science as completely distinct from other modes of human inquiry, but the fact 
remains that modern science largely emerged from and was enriched by Christian 


intellectual traditions, particularly natural philosophy.22 This does not diminish the value 
of science by any means—to the contrary, by carefully examining the conceptual 
foundations of science, its goals and limits, we are better prepared to grasp its true 
potential. 
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What is Scientism? 


by Thomas Burnett: 12-16 minutes 


“A scientist, my dear friends, is a man who foresees; it is because science provides the 
means to predict that it is useful, and the scientists are superior to all other men.” —Henri 
de Saint-Simon 


Scientism is a rather strange word, but for reasons that we shall see, a useful one. Though 
this term has been coined rather recently, it is associated with many other “isms” with long 
and turbulent histories: materialism, naturalism, reductionism, empiricism, and positivism. 
Rather than tangle with each of these concepts separately, we'll begin with a working 
definition of scientism and proceed from there. 


Historian Richard G. Olson defines scientism as “efforts to extend scientific ideas, 
methods, practices, and attitudes to matters of human social and political concern.” (1) 
But this formulation is so broad as to render it virtually useless. Philosopher Tom Sorell 
offers a more precise definition: “Scientism is a matter of putting too high a value on 
natural science in comparison with other branches of learning or culture.” (2) MIT 
physicist lan Hutchinson offers a closely related version, but more extreme: “Science, 
modeled on the natural sciences, is the only source of real knowledge.” (3) The latter two 
definitions are far more precise and will better help us evaluate scientism’s merit. 


A HISTORY OF SCIENTISM 


The Scientific Revolution 

The roots of scientism extend as far back as early 17th century Europe, an era that came 
to be known as the Scientific Revolution. Up to that point, most scholars had been highly 
deferent to intellectual tradition, largely a combination of Judeo-Christian scripture and 
ancient Greek philosophy. But a torrent of new learning during the late Renaissance began 
to challenge the authority of the ancients, and long-established intellectual foundations 
began to crack. The Englishman Francis Bacon, the Frenchman Rene Descartes, and the 
Italian Galileo Galilei spearheaded an international movement proclaiming a new 
foundation for learning, one that involved careful scrutiny of nature instead of analysis of 
ancient texts. 


Descartes and Bacon used particularly strong rhetoric to carve out space for their new 
methods. They claimed that by learning how the physical world worked, we could become 
“masters and possessors of nature.’(4) In doing so, humans could overcome hunger 
through innovations in agriculture, eliminate disease through medical research, and 


dramatically improve overall quality of life through technology and industry. Ultimately, 
science would save humans from unnecessary suffering and their self-destructive 
tendencies. And it promised to achieve these goals in this world, not the afterlife. It was a 
bold, prophetic vision. 


As this new method found great success, the specter of scientism began to emerge. Both 
Bacon and Descartes elevated the use of reason and logic by denigrating other human 
faculties such as creativity, memory, and imagination. Bacon's classification of learning 
demoted poetry and history to second-class status. (5) Descartes’ rendering of the entire 
universe as a giant machine left little room for the arts or other forms of human 
expression. In one sense, the rhetoric of these visionaries opened great new vistas for 
intellectual inquiry. But on the other hand, it proposed a vastly narrower range of which 
human activities were considered worthwhile. 


The Enlightenment 

A century later, many of the Enlightenment intellectuals continued their love-affair with the 
power of natural science. They claimed that not only could science enhance the quality of 
human life, it could even promote moral improvement. The Encyclopedist Denis Diderot 
aimed to collect, organize, and preserve all human knowledge so that “our children, 
becoming better instructed, may become at the same time more virtuous and happy.” (6) 
Many of the French philosophes even claimed that science could be a substitute for 
religion. In fact, during the French Revolution, numerous Catholic churches were converted 
into “Temples of Reason” and held quasi-religious services for the worship of science. (7) 


Positivism 

The 19th century witnessed the most powerful and enduring formulation of scientism, a 
system called positivism. Its founder was August Comte, who built his positive philosophy 
from a deep commitment to David Hume's empiricism and skepticism. Comte claimed 
that the only valid data is acquired through the senses. Nothing was transcendent, and 
nothing metaphysical could have any claim to validity (8). The task of scientists was 
twofold—first, to demonstrate how all phenomena, including human behavior, are subject 
to invariable natural laws (9). Second, they would reduce these natural laws to the 
smallest possible number, and ultimately unify them under the laws of physics (10). 


Comte also had a clear sense of the trajectory of intellectual history, which he called The 
Law of Three Stages: Each branch of knowledge passes through three stages: the 
theological or fictitious, the metaphysical or abstract, and lastly the scientific or positive 
state. He believed that through the continual advancement of human understanding, 
religion would fade away, philosophy and the humanities would be transformed into a 
naturalistic basis, and all human knowledge would eventually become a product of 
science. Any ideas outside that realm would be pure fantasy or superstition. 


Logical Positivism 
Positivism did not lose its appeal in the 20th century. To the contrary, a group known 
collectively as The Vienna Circle reinvigorated the fundamental tenets of positivism with 


enhanced symbolic logic and semantic theory. They called their approach, fittingly, logical 
positivism. In this system, there are only two kinds of meaningful statements: analytic 
statements (including logic and mathematics), and empirical statements, subject to 
experimental verification. Anything outside of this framework is an empty concept. (11) 


Given its sweeping claims, logical positivism came under heavy scrutiny. Karl Popper 
pointed out that few statements in science can actually be completely verified. However, a 
single observation has the potential to invalidate a hypothesis, and even an entire theory. 
Therefore, he proposed that instead of experimental verification, the principle of 
falsifiability should demarcate what qualified as science, and by extension, what can 
qualify as knowledge. (add footnote here and renumber) 


Another weakness of the positivist position is its reliance on a complete distinction 
between theory and observation. Observations, essential to the empirical approach of 
science, were claimed by positivists to be brute facts which one could use to establish, 
evaluate, and compare the theories. However, W.O. Quine pointed out in his “Two Dogmas 
of Empiricism” that observations themselves are partly shaped by theory (“theory-laden’). 
(12) What counts as an observation, how to construct an experiment, and what data you 
think your instruments are collecting—all require an interpretive theoretical framework. 
This realization does not deal a death-blow to the practice of science (as some post- 
modernists like to claim), but it does undermine the positivist claim that science rests 
entirely on facts, and is thus an indisputable foundation for knowledge. 


Scientism of Today 
Scientism today is alive and well, as evidenced by the statements of our celebrity 
scientists: 


“The Cosmos is all that is or ever was or ever will be.” -Carl Sagan, Cosmos 


“The more the universe seems comprehensible, the more it also seems pointless.” - 
Stephen Weinburg, The First Three Minutes 


“We can be proud as a species because, having discovered that we are alone, we owe the 
gods very little.” -E.0. Wilson, Consilience 


While these men are certainly entitled to their personal opinions and the freedom to 
express them, the fact that they make such bold claims in their popular science literature 
blurs the line between solid, evidence-based science, and rampant philosophical 
speculation. Whether one agrees with the sentiments of these scientists or not, the result 
of these public pronouncements has served to alienate a large segment of American 
society. And that is a serious problem, since scientific research relies heavily upon public 
support for its funding, and environmental policy is shaped by lawmakers who listen to 
their constituents. From a purely pragmatic standpoint, it would be wise to try a different 
approach. 


Physicist lan Hutchinson offers an insightful metaphor for the current controversies over 
science: 


“The health of science is in fact jeopardized by scientism, not promoted by it. At the very 
least, scientism provokes a defensive, immunological, aggressive response from other 
intellectual communities, in return for its own arrogance and intellectual bullyism. It taints 
science itself by association.” (13) 


Noting that most Americans enthusiastically welcome scientific advancements, 
particularly those in health care, transportation, and communications, Hutchinson 
suggests that perhaps what the public is rejecting is not actually science itself, but a 
worldview that closely aligns itself with science—scientism (14). By disentangling these 
two concepts, we have a much better chance for enlisting public support for scientific 
research than we would by trying to convince millions of people to embrace a 
materialistic, godless universe in which science is our only remaining hope. 


Distinguishing Science from Scientism 

So if science is distinct from scientism, what is it? Science is an activity that seeks to 
explore the natural world using well-established, clearly-delineated methods. Given the 
complexity of the universe, from the very big to very small, from inorganic to organic, there 
is a vast array of scientific disciplines, each with its own specific techniques. The number 
of different specializations is constantly increasing, leading to more questions and areas 
of exploration than ever before. Science expands our understanding, rather than limiting it. 


Scientism, on the other hand, is a speculative worldview about the ultimate reality of the 
universe and its meaning. Despite the fact that there are millions of species on our planet, 
scientism focuses an inordinate amount of its attention on human behavior and beliefs. 
Rather than working within carefully constructed boundaries and methodologies 
established by researchers, it broadly generalizes entire fields of academic expertise and 
dismisses many of them as inferior. With scientism, you will regularly hear explanations 


that rely on words like “merely”, “only”, “simply”, or “nothing more than”. Scientism restricts 
human inquiry. 


It is one thing to celebrate science for its achievements and remarkable ability to explain a 
wide variety of phenomena in the natural world. But to claim there is nothing knowable 
outside the scope of science would be similar to a successful fisherman saying that 
whatever he can't catch in his nets does not exist (15). Once you accept that science is the 
only source of human knowledge, you have adopted a philosophical position (scientism) 
that cannot be verified, or falsified, by science itself. It is, in a word, unscientific. 


Disclaimer: The author's views do not necessarily represent those of AAAS or DoSER. 
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